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(54) Electric double layer capacitor and electrode therefor 

(57) An electrode for an electric double layer capac- 
itor, which is a sheet electrode comprising a carbona- 
ceous material and a polytetrafluoroethylene and 
whereby K calculated by the following formula 1 from X- 
ray diffraction peak intensities measured by means of 
CuKa-ray is at most 33: 



PTFE^C CARBON 



^ (CpTFE^^ carbon)) {^) 



where Irtfe *s the X-ray diffraction peak intensity of the 
polytetrafluoroethylene in the vicinity of 28=18**. Iqar- 
BON is the X-ray diffraction peak intensity of the carbon- 
aceous material in the vicinity of 29=43°. Crtfe »s the 
concentration by weight of the polytetrafluoroethylene in 
the electrode, and Ccarbon is the concentration by 
weight of the carbonaceous material in the electrode. 
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Description 

[0001] The present Invention relates to an electric double layer capacitor, particularly an electrode therefor. 

[0002] An electric double layer capacitor, especially a coin-shaped capacitor, employing an electric double layer 

5 formed at the interface between a polarizable electrode and an electrolyte, has found a rapid increase in the demand 
as a memory backup power source in recent years. On the other hand, also in the field of application where a large 
capacity is required, such as, a power source for electric automobiles, it is desired to develop an electric double layer 
capacitor having a large capacity per unit volume, a low internal resistance, a high energy density and a high output 
density Reduction of the internal resistance is desired also for the electric double layer capacitor to be used as a mem- 

10 ory backup power source. 

[0003] An electrode for an electric double layer capacitor is prepared e.g. by kneading an activated carbon powder 
into a slurry by means of a solvent for an electrolyte such as sulfuric acid, followed by press molding (USP 3,288.641). 
However, the electrode obtained by this method has a rigid porous structure and is susceptible to cracking or fracture 
and thus is not durable for use in a long period of time. Whereas, a carbon paste electrode has been proposed which 

15 is made of a viscous material having a binder of polytetrafluoroethylene optionally added to a mixture comprising an 
activated carbon powder and an electrolyte (JP-B-53-7025, JP-B-55-41015). This electrode is flexible and scarcely sus- 
ceptible to cracking or fracture, but the shape-maintaining property is inadequate, and a cell having a special structure 
is required to supplement the strength for practical use. 

[0004] Further, in order to obtain an electrode which is scarcely susceptible to cracking or fracture and excellent in 
20 the shape- nnaintainir»g property, a method has been proposed wherein a kneaded product comprising a carbonaceous 
material, a binder such as PTFE and a liquid lubricant, is preliminarily molded and then stretched or rolled to obtain an 
electrode molded in a sheet form (JP-A-63-10701 1 . JP-A-2-235320). However, by this method, an electrode sheet hav- 
ing an adequately high strength even if the thickness is thin, can not be obtained, and there has been a problem from 
the viewpoint of the productivity or durability, when it is applied to an electrode for an electric double layer capacitor 
25 especially for a large capacity application. 

[00051 The present invention has been made to solve the above mentioned conventional problems, and it is an object 
of the present invention to provide an electrode which has a high strength even in a sheet form having a thin thickness 
and which is useful for an electric double layer capacitor having a high capacitance density and a low internal resist- 
ance, particularly an electrode suitable for an electric double layer capacitor for a power application. 
30 [0006] The present invention provides an electrode for an electric double layer capacitor, which is a sheet electrode 
comprising a carbonaceous material and a polytetrafluoroethylene and whereby K calculated by the following formula 
1 from X-ray diffraction peak intensities measured by means of CuKa-ray Is at most 33: 

^ = ' PTFeA' carbon ^ PTFE^^ CARBOn)) 

35 

where Irtfe *s the X-ray diffraction peak intensity of the polytetrafluoroethylene in the vicinity of 29=18**, Icarbon >s the 
X-ray diffraction peak intensity of the carbonaceous material in the vicinity of 20=43'*. Cptfe 's the concentration by 
weight of the polytetrafluoroethylene in the electrode, and Ccarbon 'S the concentration by weight of the carbonaceous 
material in the electrode. 

40 [0007] In the accompanying drawings. Figures 1 a, b and c are graphs showing X-ray diffraction patterns of the elec- 
trodes of Examples and Comparative Example. 

[0008] Now, the present invention will be described in detail with reference to the preferred emtDOdlments. 
[0009] In the present invention, as the X-ray diffraction apparatus, a commercially available powder X-ray diffraction 
apparatus is used whereby the measurement is carried out by means of CuKa-ray. The sheet electrode is set on a 
45 rotary test table in the form of a sheet without being pulverized. Even when the electrode is bonded to a current collector 
made of e.g. aluminum, it may be measured as it is. If a stress is exerted from the exterior to the electrode due to the 
pulverization or peeling from the current collector, the fibrous state of PTFE may change, so that the original state of 
the electrode may not be measured by the X-ray diffraction. 

[001 0] The measurement is carried out by 0/20 scanning by a reflection method. Here, the sample is rotated in plane 
so to remove an influence of an orientation. Here, 6 and 20 are used in a common sense in the X-ray diffraction. The scan- 
ning range is suitably from 1 0** to 70° as 26. when CuKa-ray is employed. In a diffraction pattern thus obtained, a PTFE 
peak is measured in the vicinity of 2es=18'*, and a peak of the (100) face of the non-crystalline carbonaceous material is 
measured in the vicinity of 205=43®. In the present invention, "in the vicinity of x**" represents a range from a (x-3) degree 
to a (x+3) degree. 

55 [001 1 ] In the present invention, the values for IpypE and Iqarbon the Formula 1 represent the intensities of the peak 
tops having the influence of the background intensity eliminated. Especially, the peak of PTFE appears on a broad peak 
in the vicinity of 29=24°, attributable to the (002) plane of the carbonaceous material, and accordingly, it is necessary 
to eliminate the broad peak to obtain the peak intensity. 
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[001 21 In the Formula 1 in the present invention, the value for Iptfe tends to be large when the PTFE .s granular and 
tends to be small when PTFE is fibrous, and it is a numerical value showing an ir^ex of the ''^rous degreeJ^^ gen^^^^^ 
conidered that the fiber-forming direction of PTFE is in the direction of c-ax.s of crystals, and if PTFE becomes fibrous 
toSm ftoers?^^^^^^^ a diamete'of at most 0.1 ^m. the crystal sizes in a direction perpendicular to the c-ax,s become 
substantially small, and as a result. Irtfe becomes small. 

[00131 However, here, in order to compare data obtainable from different measuring apparatus, or to corrrmre iUe 
fibrous dearees of PTFE among electrodes different in the mixing ratio of the carbonaceous material and PTFE in the 
eS^e^rcJfferent in the filr^ thicknesses or densities, it is necessary to standardize Ip^PE- One having such stand- 
IdSion earned out, is K represented by the Formula 1, and Cptfe/Ccarbon is a standardized factor o the nixing 
raHo of the carbonaceous material and PTFE. and Icarbon is a standardized factor of the diffraction apparatus, the film 

ISSl'^HnTe p^^^^^^^^^ the peak for Icarbon is selected to be a peak of the (1 GO) plane of the carbonaceous 

material. In the^iase of a non-crystalline carbonaceous material, the peak of the (002) - Jf J'Jf 'Vj^/^^^^^^^^ 
peak position or the intensity depending upon the method for preparation of the material, while the peak of the (1 00) 
plane has a relatively small change due to the material and is thus the most si«table as a standardizol factor. 
roOl 5] With the electrode of the present invention, the value of K represented by the Formula 1 is at most 33. If the 
value of K exceeds 33. PTFE is not adequately fibrous, and the strength of the electrode sheet is adequately high. 
Especially when the thickness of the electrode sheet is made thin, the shape can not be nnamta.ned ^^^'"9 P epa- 
ratfon of an electric double layer capacitor, and it is likely to deteriorate due to charge ^"i^^^;^,^^;;^; ^^^^^^^ 
PTFE which is present in the electrode in a granular form without becoming fibrous tends to mNb.t the ^lecjr cal con 
ductivity of the electrode, whereby the resistance of the electrode sheet tends to be high. It .s particularly preferred that 

the value of K is at most 20. ... ^ ^^^^ ^.^^ r-.* 

[0016] in the present invention, the carbonaceous material is preferably a powder having a specrfic surface area of 
from 200 to 3.500 m^/g. which is made of e.g. activated carbon, polyacene or carbon black Further, fibers or powders 
of e g carbon fibers, carbon whiskers or graphite, may preferably be used. As the activated catoon any °' P^ jnol 
°ype rayon type, acryl type, pitch type or coconut shell type, may be used, and it is preferred that the average particle 
skeis ^om 0 1 to 100 ^m. particularly from 1 to 20 ^m. since the thickness of the electrode sheet can be made thin, 
and consequently the capacitance density of the electric double layer capacitor can be made high. 
[001 7] Carbon black may be used as a conductive material in admixture with other carbonaceous "^f j^aLThe aver^ 
age particle size of the carbon black is preferably from 0.001 to 1 jxm. more preferably from 0.01 to 0.5 pm. Further, its 
specific surface area is preferably from 200 to 1 .500 m^/g. more preferably from 500 to 1 .200 m /g. 
[0018] in the present invention, an electrode comprising the above activated carbon, the above carbon black and 
PTFE is particularly preferred, since it is thereby possible to maintain the internal resistance of an electric double layer 

Obtainable by adding and copolymerizing other monomer to fetrafluoroethylene. ^.^^Po^^^^^^^'^ fS^^'^ZZl 
other monomer in the copolymer, are at most 0.5 mol%. no melt flowability will be imparted to PTFE and like a 
hor^op" VrnTof tetrafluorS^tUne. it can be made fibrous, and an electrode sheet having a high strength and ^^^^^ 
resistance can be prepared. As such other monomer, hexafluoropropylene. chlorotnfluoroethylene. a pertluoro(alkyl 
vinyl ether), trifluoroethylene or a (perfluoroalkyl)ethylene. may. for example, be merntioned. .^^^^^.^ 
[0<K0] PTFE tends to be liquid or gel and can hardly be fibrous, if it is of a low molecular weight. Accordingly prefer 
LbS it contains at least 50 wt% of a solid having a molecular weight of at least 1 x 1 0^ as <=alculat«J frorn the J^^^^^^ 
specific gravity. Further. PTFE is preferably one obtained by emulsion polymerization, since such PTFE can readily be 

ra02l/""The amount of PTFE contained in the electrode of the present invention is preferably from 1 toJlO wt%. If it is 
less than 1 wt%. the strength tends to be weak. If it exceeds 40 wt%. the internal resistance of the electrode lends to 
ISreasT ev^ i, ptfE is sufficiently fibrous, and the capacitance per unit weight of the electric double layer capacitor 
tends to be small. It is particularly preferably from 2 to 20 wt%. . ^ :„ ..,u;^u - 

[0022] As a method for producing the electrode of the present invention, a method may be mentioned «^hich a 
molded product obtained by paste extrusion molding or screw extrusion molding, is rolled to form a sheet elecUode. To 
carry oii the paste extrusion molding, rolling may be repeated to promote fiber-forming of PTFE thereby to obtain the 
electrode of the present invention. Further, when the screw extrusion molding is carried out the ♦'be^formmg of PTTE 
is promoted by the screw extrusion, whereby the electrode of the present invention can be obtained by rolling in a small 
number of rolling operations as compared with the paste extrusion. 
55 [0023] Further, in the case of the screw extrusion molding, extrusion molding can be continuously carried out. 
whereby a continuous extruded product elongated in the direction of extrusion, can be obtained, and a" elongated elec- 
trode sheet can be obtained by rolling this extruded product. Especially by adiust|ng .ri^eierto 
direction as the extrusion direction of the screw extrusion. PTFE may be fibnllated longitudinally and transversely to 



10 



15 



20 



25 



30 



40 



45 



50 



3 



BNSOOCID: <EP ^09772 19A2J_> 



EP0 977 219 A2 



form a three dimensional network structure, whereby even if the amount of PTFE is small, it is possible to form an elec- 
trode sheet having a high strength, and an increase of the electrode resistance by the addition of electrically insulating 
PTFE, is little, such being desirable. 

[0024] The electrode sheet obtained by the present invention can be used for an electric double layer capacitor in the 
5 . form of an electrode assembly having a current collector integrated therewith, for example, by bonding the electrode 
sheet to the current collector. As the current collector, a metal foil, particularly an aluminum foil, is preferred. The alumi- 
num foil may be used as withdrawn from a rolled foil of an elongated foil, and an electrode sheet formed by the final 
rolling operation may be continuously integrated with the aluminum foil as it is formed, so that formation of the electrode 
and integration thereof with the aluminum foil can be carried out continuously in one line. If the electrode assembly is 

10 formed by such a continuous line, the production efficiency will be high. 

[0025] Integration of the electrode sheet and the current collector is carried out preferably by interposing an adhesive 
therebetween, whereby they can be firmly integrated. Here, it is preferred to incorporate e.g. a highly conductive powder 
to the adhesive, so that the contact resistance between the electrode sheet and the current collector can be reduced. 
Atier the bonding of the electrode sheet and the current collector, they may further be subjected to rolling, so that they 

15 will be integrated more firmly Such integration of the electrode sheet and the current collector may be carried out after 
molding the electrode sheet, followed by drying to remove the processing aid. Othenwise, the electrode sheet may 
bonded to the current collector in a semidried state, and after the rolling, the processing aid may be removed, whereby 
the electrode sheet and the current collector may readily be integrated by the rolling, such being desirable. The elec- 
trode sheet may be bonded to one side or both sides of the current collector. 

(0026] The electric double layer capacitor of the present invention is one prepared in such a manner that a positive 
electrode and a negative electrode, each prepared by bonding the electrode sheet and the current collector as 
described above, are disposed to face each other with a separator interposed therebetween and accommodated 
together with a non-aqueous electrolyte in a container. In order to increase the capacitance, the electric double layer 
capacitor is preferably of a cylindrical type prepared in such a manner that a pair of positive and negative electrodes are 
25 molded in strip forms, then wound with a separator interposed therebetween and accommodated together with an elec- 
trolyte in a bottomed cylindrical container, or of an angular type prepared in such a manner that a plurality of rectangular 
positive and negative electrodes are alternately laminated with a separator interposed therebetween and accommo- 
dated in a kxjttomed angular container. 

[0027] The non-aqueous electrolyte to be used for an electric double layer capacitor of the present invention, is not 
30 particularly limited, and a non-aqueous electrolyte containing a salt dissociable into ions in a known organic solvent, 
may be used. It is particularly preferred to use a non-aqueous electrolyte having dissolved in an organic solvent a salt 
cofTprising a quaternary onium cation represented by R^R^R^r^n* or R^R^R^R^P*. wherein each of R\ R^. R and 
R^ which may be the same or different, is an alkyi group, and an anion such as BF4". PFg'. CIO4" or CF3SO3". 
[0028] The above organic solvent is preferably a carbonate such as propylene carbonate, butylene carbonate or die- 
35 thy! cartx)nate. a lactone such as y-butyrolactone. sulforane. or a mixed solvent thereof. 

[0029] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLE 1 

40 

[0030] To a mixture comprising 80 wt% of a highly pure activated carkx)n powder having a specific surface area of 
2.000 m^/g and an average partide size of 10 jim, 7.5 wt% of carbon black and 12.5 wt% of a PTFE powder, 66 wt%. 
based on the total amount of the activated carbon powder and the carbon black, of propylene glycol was added and 
mixed.. This mixture was subjected to screw extrusion by a single screw extruder having a barrel inner diameter of 40 
45 mm using a full-flighted screw having a screw compression ratio of 1 .6 and a nozzle designed so that the extruded prod- 
uct would be a cylindrical shape (outer diameter: 1 02 mm, inner diameter: 86 mm), at a barrel temperature of 80**C and 
a nozzle temperature of 90°C. The extrusion pressure was 20 kg/cm^. 

[0031] The obtained extruded product was cut in the extrusion direction and made flat, and then rolled at a roll tem- 
perature of 80°C and dried at 250**C for 60 minutes to remove propylene glycol, to obtain an electrode sheet having a 

50 thickness of 157 jim and a density of 0.64 g/cm^. The X-ray diffraction of this electrode sheet was measured to obtain 
the pattern shown in Figure la. The heights of the peaks in the vicinity of 29=18° and 2e=43^ were measured by elim- 
inating the background. Especially, the peak in the vicinity of 26=43°, was broad, and accordingly, points at 20=36*' and 
2ft=5r of this pattern were connected by a linear line and taken as a background, to measure the peak in the vicinity 
of 2e=43^ lpTFE=52. lcARBON=24. and the value of K was 15.4. 

55 [0032] From this electrode sheet, a dumbbell test specimen of No. 1 as stipulated in JIS K6301. was punched out. 
and using the test specimen, the tensile strength was measured by a tensile tester at a measuring temperature of 23*'C 
at a tensile speed of 20 mm/min and with the initial distance between the grippings of the test piece being 70 mm. The 
tensile strength of this electrode sheet was 9.1 kg/cm^. 
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[0033] An electrode sheet punched out to have an electrode area of 4 cm x 6 cm, was bonded by a conductive adhe- 
sive to one side of a rectangular foil of pure aluminum having a width of 4 cm. a height of 6 crri and a thickness of 50 
am and having a lead terminal, followed by heating to thermoset the adhesive, to form an electrode assembly. Two 
sheets of such an electrode assembly were prepared, and the two sheets were disposed so that the elec rode surfaces 
faced each other and sandwiched between two sheets of glass plates having a thickness of 2 mm. a width of 5 cm and 
a height of 7 cm. with a cellulose fiber separator having a thickness of 40 pm, interposed therebetween, to obtain an 
element. 

[00341 As the electrolyte, a solution having 1 .5 mol/^ of triethylmonomethylammonium tetrafluoroborate dissolved in 
propylene carbonate, was used. The above element was heated in vacuum at 200»C for 3 hours to remove impunt.es 
from the element, and the electrolyte was vacuum-impregnated thereto. The impregnated element was accommodated 
in an angular bottomed container made of propylene to obtain an electric doub^ layer capacitor. The direct current 
resistance and the capacitance were measured at a current density of 20 mA/cm^. The results are shown in Table 1. 

EXAMPLE 2 

[00351 An electrode sheet having a thickness of 1 48 um and a density of 0.64 g/cm^ was prepared in the same man- 
ner as in Example 1 except that a highly pure activated cartDon powder having a specific surface area of 1 ,500 m /g and 
an average particle size of 7 pm was used as the carbon material, and the weight ratio of the activated carbon carbon 
black and PTFE was changed to 8:1 :1 . With respect to this electrode sheet, the same evaluation as in Example 1 was 
carried out. The X-ray diffraction pattern was as shown in Figure 1b, and Iptfe=52. Icarbon=25. and K-18.7. Then, an 
electric double layer capacitor was prepared in the same manner as in Example 1 except that this electrode sheet was 
employed, and the same evaluation as in Example 1 was carried out. The results are shown in Table 1 . 

EXAMPLE 3 (COMPAFtATIVE EXAMPLE) 

[0036] Using a highly pure activated carbon powder having a specific surface area of 1 ,200 m^/g and an average par- 
ticle size of 27 um as the carbon material and acetylene black as the carbon black, the weight ratio of the activated car- 
bon the carbon black and PTFE was adjusted to be 8:1 :1. and ethanol was added thereto in an amount of 60 wt% to 
the carbon material. This mixture was preliminarily molded into a rectangular shape and subjected to paste extrusion 
by means of a rectangular nozzle having an extrusion drawing ratio of 40. The obtained extruded product was rolled at 
a rolling temperature of SO-C to obtain an electrode sheet having a thickness of 152 urn and a density of 0.69 g/cm . 
With respect to this electrode sheet, the same evaluation as in Example 1 was carried out. The X-ray diffraction pattern 
was as shown in Figure 1c. and Iptfe=244. Icarbon=27. and K=103.9. Then, an electric double layer capactor was 
prepared in the same manner as in Example 1 except that this electrode sheet was employed, and the same evaluation 
35 as in Example 1 was carried out. The results are shown in Table 1 . 
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Table 1 





Electrode sheet properties 


Capacitor 


properties 




K 


Thickness (|im) 


Density (g/cm^) 


Tensile strength 
(kg/cm^) 


Internal resist- 
ance (O) 


Capacitance (F) 


Ex. 1 


15.4 


157 


0.64 


9.1 


9.8 


0.592 


Ex.2 


18.7 


148 


0.64 


11.4 


8.6 


0.496 


Ex.3 


103.9 


152 


0.69 


1.2 


23.0 


0.429 



so 



[0037] In the electrode of the present invention. PTFE is sufficiently fibrous, whereby the resistance is low. the 
strength is high, and the thickness can easily be made thin. The electrode of the present invention is scarcely suscep- 
tible to cracking or fracture even if the thickness is thin, and is excellent in the shape-maintaining property Accordingly 
the electric double layer capacitor employing the electrodes of the present invention can be made to have a low internal 
resistance and a large capacitance per unit volume. 



55 Claims 



An electrode for an electric double layer capacitor, which is a sheet electrode comprising a carbonaceous material 
and a polytetraf luoroethylene and whereby K calculated by the following formula 1 from X-ray diffraction peak inten- 
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sities measured by means of CuKa-ray is at most 33: 

K = ' PTFE^e CARBON ^ PTFE^^ CARBOn)) ^ ^ ^ 

5 where IpjFE 'S the X-ray diffraction peak intensity of the polyletraf luoroethylene in the vicinity of 20=1 8°. Icarbon 

the X-ray diffraction peak intensity of the carbonaceous material in the vicinity of 26=43**. Crtfe "S the concentra- 
tion by weight of the polytetrafluoroethylene in the electrode, and Ccarbon »s the concentration by weight of the 
carbonaceous material In the electrode. 

TO 2. The electrode for an electric double layer capacitor according to Claim 1 . wherein the value of K Is at most 20. 

3. The electrode for an electric double layer capacitor according to Claim 1 or 2, wherein the amount of the poly- 
tetrafluoroethylene contained In the electrode Is from 1 to 40 wt%. 

15 4. The electrode for an electric double layer capacitor according to Claim 1 , 2 or 3, wherein the carbonaceous material 
Is a powder having a specific surface area of from 200 to 3.500 m^/g. 

5. The electrode for an electric double layer capacitor according to Claim 1 , 2, 3 or 4, wherein the carbonaceous mate- 
rial comprises activated carbon having an average particle size of from 0.1 to 100 ^m and carbon black having an 

20 average particle size of from 0.001 to 1 ^im. 

6. A process for producing an electrode for an electric double layer capacitor as defined In Claim 1 . 2, 3, 4 or 5. which 
comprises screw extrusion molding and rolling a mixture comprising a carbonaceous material, a polyletraf luoroeth- 
ylene and a processing aid. followed by drying to remove the processing aid. 

25 

7. An electric double layer capacitor having a positive electrode and a negative electrode accommodated together 
with a non-aqueous electrolyte in a container, each of the positive and negative electrodes being an electrode 
made mainly of a carbonaceous material, wherein said electrode is a sheet electrode comprising a carbonaceous 
material and a polytetrafluoroethylene and whereby K calculated by the following formula 1 from X-ray diffraction 

30 peak intensities measured by means of CuKa-ray is at most 33: 

^ ~ ' PTFE^C CARBON ^ PTFE^^ CARBOn)) 

where IpypE "S the X-ray diffraction peak intensity of the polytetrafluoroethylene in the vicinity of 29=18°. Icarbon 'S 
35 the X-ray diffraction peak intensity of the carbonaceous material in the vicinity of 20=43**. CpxPE "S the concentra- 
tion by weight of the polytetrafluoroethylene in the electrode, and Cqarbon »s the concentration by weight of the 
carbonaceous material in the electrode. 

8. The electric double layer capacitor according to Claim 7. wherein the amount of the polytetrafluoroethylene con- 
40 tained In the electrode is from 1 to 40 wt%. 

9. The electric double layer capacitor according to Claim 7 or 8. wherein the carbonaceous material is a powder hav- 
ing a specific surface area of from 200 to 3.500 m^/g. 

45 10. The electric double layer capacitor according to Claim 7. 8 or 9, wherein the non-aqueous electrolyte contains a 
salt comprising a quaternary onium cation represented by R^'R^R^R'^N* or R'^R^R^R'^p-*-, wherein each of R\ R^, 
R^ and R* which may be the same or different, is an alkyi group, and an anion such as BF4'. PFq, ClO^' or CF3SO3' 



so 



55 



6 



BNSDOCtD: <EP 09772I9A2_I_> 



EP0 977 219 A2 



F I G . 1 



1600 - 
t3 1400 - 
S 1200 - 




10 20 30 40 50 

DEGREE OF 2 9 

1600 r 




10 20 30 40 50 

DEGREE OF 2 e 

1600 r 




20 30 40 50 

DEGREE OF 2 a 



BNSDOCID: <EP 0977219A2_L> 



7 



(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

07.04.2004 Bulletin 2004/15 

(43) Date of publication A2: 

02.02.2000 Bulletin 2000/OF 

(21) Appfication nunnber: 99114671.3 

(22) Date of filing: 27.07.1999 



(11) EP 0 977 219 A3 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: H01G 9/155 



(84) 


Designate<d Contracting States: 


• Suhara, Manabu, c/o Asahi Glass Company Ltd. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Yokohama-shi, Kanagawa (JP) 




MC NL PT SE 


• Ishikawa, Takamichi, 




Designated Extension States: 


c/o Asalii Glass Company Ltd. 




AL LT LV MK RO SI 


Kawasaki-shi, Kanagawa (JP) 


(30) 


Priority: 27.07.1998 JP 21148798 


(74) Representative: Wluller-Bore & Partner 


Paten tanwalte 


(71) 


Applicant: ASAHI GLASS COMPANY LTD. 


Grafinger Strasse 2 


Tokyo 100-8405 (JP) 


81671 Munchen (DE) 


(72) 


Inventors: 




• 


Takimoto, Yasuyiki, 






c/o Asahi Glass Company Ltd. 






Yokohama-shi, Kanagawa (JP) 





(54) Electric double layer capacitor and electrode therefor 



(57) An electrode for an electric double layer capac- 
itor, which is a sheet electrode comprising a carbona- 
ceous material and a polytetrafluoroethylene and 
whereby K calculated by the following formula 1 from X- 
ray (diffraction peak intensities measured by means of 
CuKa-ray is at most 33: 



polytetrafluoroethylene In the vicinity of 29=18°, 
Carbon 's the X-ray diffraction peak intensity of the 
carbonaceous material in the vicinity of 26=43'*, Cpypg 
is the concentration by weight of the 
polytetrafluoroethylene in the electrode, and Ccarbon 
is the concentration by weight of the carbonaceous 
material in the electrode. 



K = lp 



ptfeA'carbon 



X (C 



PTFE^*^ CARBON )) 



(1) 



Where Ipypg is the X-ray diffraction peak intensity of the 
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